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Jelly Belly gourmet jellybeans have not always been the household name they are today. The product of Fairfield California’s Jelly Belly Candy Company first gained its 
national recognition during Ronald Reagan’s presidential 
inauguration in 1981. Reagan ordered more than three 
tons (2.4 million beans) of the gourmet jellybeans to help 
celebrate his inauguration and propelled the beans into the 
national spotlight.
In honor of the event, the company created the blueberry-
fl avored jellybean so Reagan could serve red, white, and blue 
jellybeans at his parties; it remains a favorite today. The gour-
met beans retained a place of prominence on both the presi-
dent’s desk and Air Force One throughout Reagan’s presidency, 
and even rode into space on the Challenger in 1983.
The Jelly Belly fl avor lineup has grown from its humble 
start of eight fl avors in 1976 (i.e., very cherry, root beer, cream 
soda, tangerine, green apple, lemon, licorice, and grape) to 
today’s lineup of 50 offi cial fl avors. To satisfy global demand, 
the company produces some two million beans an hour, or 
approximately 14 billion beans (17,500 tons) annually. Cur-
rently, it ships beans to all 50 states and many countries.
What Happened to the Blueberry Muffins? 
One recent weekend, my wife and daughter were enjoying a 
bag of Jell Belly 40 Flavors. As it turns out, one of their favor-
ite activities is creating new flavors by eating more than one 
flavored bean at a time. For example, eating two chocolate 
fudge beans and one toasted marshmallow bean together 
produces a chocolate mousse flavor. In terms of potential 
combinations, a 40-flavor bag provides almost an endless set 
of culinary possibilities, not to mention a great opportunity for 
a combinatorics class. Since eating order does not matter and 
repetition is encouraged, when you combine just three flavors 
as Table 1 shows, there are 11,480 potential combinations of 
new flavors. 
One of my daughter’s favorite creations is blueberry muffi n, 
a combination of two blueberry beans and a butter popcorn 
bean. At some point during the afternoon, my daughter 
commented that she was ripped off since she wasn’t able to 
eat a single blueberry muffi n because there were no buttered 
popcorn–fl avored beans in the bag. The bag should have con-
tained approximately 210 beans (six suggested servings × 35 
beans per serving) and, assuming a uniform distribution of the 
40 fl avors, one would have expected 5.25 buttered popcorn 
beans in the bag. Surely, my daughter should have been 
able to make one blueberry muffi n combination. To 
investigate further, I contacted the Jelly Belly Candy 
Company and asked how they mix their fl avors. 
In making the 40-fl avor mix, the company 
takes 25-pound component cases 
for each of the individual 40 
fl avors and pours them into a 
mixing hopper (1,000 pounds 
total). As the batch is mixed, 
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the beans are placed back into 25-pound mixed component 
cases. These component cases are eventually placed back into 
the hopper and weighed out to make the appropriate package 
size. Based on this information, if the mixing is done properly, 
then the content of the packages should be approximately 
uniformly distributed. 
An Edible Experiment 
My daughter’s bag, with no buttered popcorn–flavored jel-
lybeans, appeared to be abnormal. My daughter, always eager 
to eat more jellybeans, was more than happy to help me in an 
experiment. The idea of an edible experiment caught on with 
my other children, who eagerly supported the concept of the 
more-data-is-better principle; obviously, they are all on their 
way to becoming statistics professionals.
To support this experiment, I bought approximately four 
pounds of beans, consisting of four 6.25 oz. bags and four 9.0 
oz. bags from several locations. Following Ron Fricker’s ratio-
nale in the Mysterious Case of the Blue M&M’s, my objective was 
to produce four random one-pound (really 15.25 oz.) samples 
with different manufacturing lots. 
The eight bags were randomly assigned to four samples: 
one 6.25 oz. and one 9.0 oz. bag per sample. My methodol-
ogy was to sort each sample separately, dividing the beans into 
groups by their flavors, while reminding my six year old not to 
eat the beans. After verifying flavor separation, my daughter 
re-verified the information and entered the data into an Excel 
spreadsheet. With three independent reviews of the data, the 
accuracy of the count of flavors by sample was reasonably 
certain. Table 2 provides the counts for each group by flavor 
and the aggregate total for all four samples. 
Looking at Table 2, the consistency of sample sizes is strik-
ing. Also, all samples exceeded the company’s suggested total 
serving size. The package indicates a serving size is 35 beans 
and, coupled with the 10.5 suggested servings (4.5 servings 
for the 6.25 oz.. bag and six servings for the 9 oz. bag), there 
should be approximately 367.5 beans per sample. However, 
the distribution does not appear to be uniform, and some 
flavors appear more popular. A bar chart of flavors by sample 
confirms this observation. The chart can be viewed at http://
chance.amstat.org/category/supplemental. 
Overall, very cherry appears to be the most populous fla-
vor, while juicy pear is the least populous. A review of Table 2 
clearly demonstrates a discrepancy between the samples and 
the company’s expected uniform distribution. Although about 
half of the flavors matched up reasonably well, there were sev-
eral flavors—including very cherry, juicy pear, and, of course, 
buttered popcorn—that appeared out of sorts. 
Statistical Analysis: One Flavor at a Time 
Under the hypothesis that the sample was generated accord-
ing to the company’s described distribution, one can compute 
the probability of observing 65 or more very cherry–flavored 
jellybeans. Simplifying the flavors into two groups—very 
cherry and not very cherry—the probability distribution for 
the number of very cherry beans out of 1,531 is binomial with 
n = 1,531 independent trials and a probability of p = 0.025 of 
a single bean being very cherry. The probability of seeing x or 
more very cherry beans out of 1,531 is the sum from x to 1,531 
Table 2—Counts of Jellybeans by Flavor for Four Samples
Jelly Belly Flavor 
Sample
A B C D Total
Very Cherry 19 16 16 14 65
Top Banana 13 12 15 14 54
Buttered Popcorn 10 16 13 9 48
Strawberry Jam 14 14 9 11 48
Caramel Apple 6 11 13 17 47
Cream Soda 11 10 12 14 47
Orange Sherbert 13 15 7 12 47
Plum 14 12 11 10 47
Dr. Pepper 12 16 6 12 46
Tutti-Frutti 10 13 10 13 46
Blueberry 14 14 7 8 43
Piña Colada 11 13 9 10 43
Coconut 8 9 10 14 41
Peach 8 12 13 8 41
Toasted Marshmallow 11 10 7 13 41
Root Beer 7 12 8 13 40
Crushed Pineapple 10 12 12 5 39
French Vanilla 4 8 16 10 38
Strawberry Cheesecake 14 6 7 11 38
Watermelon 6 12 11 9 38
Island Punch 14 7 6 10 37
Margarita 9 12 8 8 37
Red Apple 10 8 10 9 37
Caramel Corn 10 8 7 10 35
Chocolate Pudding 5 7 11 12 35
Lemon Lime 12 8 7 8 35
Raspberry 15 11 2 7 35
Cotton Candy 6 8 11 9 34
Lemon 10 4 12 8 34
Orange Juice 6 5 11 12 34
Licorice 8 12 7 6 33
Green Apple 12 5 10 5 32
Berry Blue 4 12 9 6 31
Strawberry Daiquiri 5 6 5 14 30
Tangerine 10 2 13 5 30
Kiwi 10 4 10 4 28
Cappuccino 4 7 11 5 27
Sizzling Cinnamon 3 6 7 10 26
Bubble Gum 4 5 8 6 23
Juicy Pear 7 1 8 5 21
Total 379 381 385 386 1,531
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Jelly Belly Flavor Mean Standard Deviation Calculated t p-t p-binomial
Very Cherry 15.61 2.10 5.29 0.013 0.000
Top Banana 12.96 1.16  5.64  0.011  0.006
Buttered Popcorn 11.53 3.06 1.32 0.278 0.051
Strawberry Jam 11.54 2.44 1.67 0.194 0.051
Caramel Apple 11.26 4.31 0.83 0.466 0.069
Cream Soda 11.27 1.56 2.32 0.103 0.069
Orange Sherbet 11.30 3.32 1.10 0.352 0.069
Plum 11.29 1.74 2.10 0.127 0.069
Dr. Pepper 11.06 4.00 0.81 0.478 0.092
Tutti-Frutti 11.04 1.64 1.96 0.146 0.092
Blueberry 10.34 3.71 0.54 0.627 0.194
Piña Colada 10.33 1.70 1.16 0.329 0.194
Coconut 9.83 2.45 0.45 0.681 0.292
Peach 9.84 2.51 0.45 0.683 0.292
Toasted Marshmallow 9.84 2.39 0.47 0.667 0.292
Root Beer 9.59 2.79 0.25 0.817 0.350
Crushed Pineapple 9.37 3.19 0.10 0.927 0.411
French Vanilla 9.10 4.74 -0.03 0.976 0.475
Strawberry Cheesecake 9.13 3.59 -0.03 0.979 0.475
Watermelon 9.12 2.53 -0.05 0.964 0.475
Island Punch 8.89 3.51 -0.15 0.894 0.460
Margarita 8.89 1.86 -0.28 0.799 0.460
Red Apple 8.88 0.92 -0.57 0.607 0.460
Caramel Corn 8.40 1.46 -0.93 0.420 0.332
Chocolate Pudding 8.38 3.10 -0.45 0.683 0.332
Lemon Lime 8.41 2.20 -0.61 0.585 0.332
Raspberry 8.43 5.41 -0.24 0.824 0.332
Cotton Candy 8.15 1.94 -0.92 0.424 0.274
Lemon 8.16 3.27 -0.55 0.623 0.274
Orange Juice 8.14 3.30 -0.55 0.622 0.274
Licorice 7.93 2.57 -0.85 0.459 0.220
Green Apple 7.69 3.46 -0.75 0.508 0.173
Berry Blue 7.44 3.37 -0.90 0.435 0.132
Strawberry Daiquiri 7.18 4.12 -0.84 0.462 0.098
Tangerine 7.20 4.73 -0.73 0.519 0.098
Kiwi 6.73 3.34 -1.28 0.292 0.050
Cappuccino 6.47 2.94 -1.60 0.208 0.034
Sizzling Cinnamon 6.22 2.72 -1.88 0.156 0.022
Bubble Gum 5.51 1.60 -3.97 0.028 0.005
Juicy Pear 5.04 2.97 -2.42 0.094 0.002
Table 3—Tests of Whether the Mean Number of Beans per Flavor per Sample Is 9.19
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of the binomial probabilities at those amounts. Invoking the 
normal approximation to the binomial gives
The calculated t-test statistic reported in Table 3 is given by
where x and s respectively represent the sample mean and 
standard deviation. The p-value in the final column provides 
the probability of observing a test statistic as extreme or more 
extreme than the observed test statistic value given that the null 
hypothesis is true. There were clearly multiple flavors that, on 
average, had significantly more than the expected 9.19 beans 
per bag and a couple that, on average, were significantly short 
of this mark. 
A closer look at the differently sized bags of the sample 
provides additional evidence of some discrepancies. Also, it 
seems to indicate that if you want your money’s worth, buy 
the larger bag. Table 4 shows that the 6.25 oz. bags were filled 
close to the suggested level of 157.5 beans, but the 9 oz. bags 
were overfilled in each sample. A review of the eight individual 
bags of jellybeans that comprise the four samples also shows 
that six of the eight bags contained fewer than the 40 flavors. 
In fact, three of the eight bags only contained 38 flavors. All 
together, the number of beans for an individual flavor ranged 
from 0 to 12 beans, with a standard deviation of 2.6 beans. 
Clearly, there is a problem with the samples and the company’s 
claim of how the beans are mixed. 
Three flavors show significant discrepancies from uniform 
using this approach. Very cherry and top banana appear much 
more frequently than chance, whereas bubble gum appears 
much less frequently. This test is not very powerful because 
there are only four observations for each flavor, so other appar-
ent departures do not appear significant.
—out of 1,531 jellybeans would rarely occur. The last column 
of Table 3 gives the p-values for all 40 flavors based on the 
binomial test. 
If the company did fill the sample bags in accordance 
with a uniform distribution, one would expect an average of 
9.1875 (=367.5/40) beans of each flavor in a standard sample 
(one standard 6.5 oz. bag and a standard 9.0 oz. bag). The 
samples have sizes of 379, 381, 385, and 386, which are 
larger than standard. To test a hypothesis about the average 
count of beans, one can multiply the observed counts by a 
ratio equal to 367.5/n
s 
to standardize the count per sample to 
367.5. Once that is done, one can test the hypothesis that 
the mean number is 9.1875 versus not using a t-test with four 
observations per flavor.
Table 4—Number of Beans by Sample and Bag Size
Sample A B C D
Component (size bag - oz.) 6.25 9.00 6.25 9.00 6.25 9.00 6.25 9.00
Total Beans 153.00 226.00 156.00 225.00 157.00 228.00 159.00 227.00
Expected Beans 157.50 210.00 157.50 210.00 157.50 210.00 157.50 210.00
Delta (Total – Expected) -4.50 16.00 -1.50 15.00 -0.50 18.00 1.50 17.00
Here, the continuity correction makes little difference in the 
substantive results. Following the company’s assertion that the 
flavors were equally mixed according to a binomial distribution 
with p = 0.025, observing 65 or more very cherry–flavored 
beans would rarely occur. Similarly, seeing 21 or fewer juicy 
pear–flavored jellybeans— 
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As with the separate binomial tests, one can worry 
about whether the largest or smallest statistics are truly 
significant, since they were in fact chosen because they 
are the extremes. That is, there is a multiple testing issue. 
If you conduct 40 independent hypothesis tests at the 
alpha = 0.05 level, then you would expect, on average, 
two of them to be significant just by chance. One might 
further worry about the assumptions of the t-test: Are 
the four measurements reasonably normally distributed? 
Perhaps one would prefer a test based on ranks that would 
be less sensitive to assumptions.
Statistical Analysis: 40 Flavors at Once 
Of course, conditional on the number of beans in a bag, 
when one flavor is under-represented in a bag, another 
flavor has to be over-represented. Is the overall distribu-
tion of counts in the four samples significantly different 
from uniform? A chi-squared test can be used to answer 
this question. The chi-squared statistic is a function of the 
observed counts (o
i
) in each cell (for each flavor) and the 
expected counts (e
i
) in each of the 40 cells. The expected 
values under a uniform distribution is n(1/40), where n is 
the number of beans. The chi-squared statistic is 
and is compared to a chi-squared distribution with 39 (40 
-1) degrees of freedom. Large values of the statistic sug-
gest the distribution is not uniform. For samples A, B, C, 
and D, the statistic values are 57.6, 63.0, 37.1, and 42.6, 
which yield p-values of 0.028, 0.009, 0.555, and 0.319. 
When the samples are combined, the statistic is 76.3, 
which gives a p-value of 0.0003. One can conclude that, 
although some individual samples are not significantly 
different from a uniform distribution of flavors, the dis-
tribution appears to be non-uniform overall. 
Further Evidence 
A review of the buttered popcorn flavor shows a mod-
erate significance of there being more than 9.19 beans 
per bag. Clearly, this distribution does not appear to 
match the company’s mixing claim, but what about my 
daughter’s claim that she did not receive any buttered 
popcorn–flavored beans in her bag? Invoking the normal 
approximation to the binomial once again and assuming 
she had a standard bag with 210 beans, the probability of 
zero buttered popcorn beans in a sample yields p~=0.0049. In 
other words, this occurrence should be a rare event. 
Armed with this clear discrepancy, I contacted the com-
pany again to inquire about their mixing process. Accord-
ing to the company, the original batch of mixed flavors 
is placed in the hopper to begin filling the appropriate 
individual bags to the appropriate weight. However, as 
time goes by and they run out of mixed component cases, 
the process is to add individual 25-pound component (not 
mixed) flavors to the hopper to keep it full. Therefore, 
the initial bags of any production run may be uniformly 
distributed, but as time passes, the fill process may devi-
ate from uniformity. The process of keeping the hopper 
filled after using all mixed cases makes sense when you 
consider the volume of beans the company must produce 
each day to meet demand. However, it is curious that the 
most populous flavors in my samples—very cherry, top 
banana, and buttered popcorn—tended to top the list of 
favorite flavors on several informal online surveys. 
An example of an informal online survey can be found at 
answers.yahoo.com/question/index?qid=20100117084208AASO6zS. 
Could it be that the process of loading component cases to 
the hopper may favor these more fan-favorite fl avors? 
This investigation provided several insights. First, a 
good dose of skepticism is always prudent when reading 
information presented as facts and that simple classroom 
statistics can be leveraged to address perceived facts in 
our lives. This experience also illustrates that it is per-
fectly acceptable to question and seek additional informa-
tion when the facts do not seem to mesh with your 
analysis. Second, don’t be too disappointed if you cannot 
create your favorite combination, or even get your favor-
ite flavor, from a bag of the gourmet beans. Rest assured 
there is not some company conspiracy to deny you your 
favorite flavor. You just need to sample another bag.   
